Abstract
Introduction
Public transit is a key public policy measure to tackle contemporary urban challenges to sustainability, such as mobility needs (especially for the urban poor), congestion, and pollution, among others. Despite the important role of public transport for achieving sustainable urban development in social, economic, and environmental terms, people often underuse this mode and consider it hardly adequate to meet people's mobility requirements. In some countries, it is commonplace to consider public transport as a transport mode made "for the poor." Sometimes, this affirmation derives from a relatively objective assessment of transit provision quality, which in some cities could be actually labeled "disastrous." However, it also can respond to subjective perceptions of service quality that may not be accurate. In other words, a lack of acceptance may respond to actual quality and functioning problems, but it also could be the consequence of bad reputation and misperception by the population.
For supply planning, the design of an adequate network and efficient exploitation is crucial. Nevertheless, to guarantee and enhance patronage, an understanding of people's travel behavior and mode choice decisions also is needed. One of the dimensions of this understanding has to do with peoples' perception of the actual supply, that is, how extensive and accurate their knowledge is regarding the concrete features of the transport supply, such as the locations of transit stops, timetables, and fare structures.
This could be the case of perceived distances to public transport stations, which the literature mentions as one of the major factors to explain mode choice (Commins and Nolan 2011; Escobar, Tudela, and González 2009; Paulley et al. 2006) . Knowing how people estimate distance will matter in planning transport supply and adopting measures for increasing transit patronage. Distance estimation traditionally has been in the spatial cognition domain (Golledge and Stimson 1997) and has evolved within the psychological area. Among other objectives, it has been used to understand shopping behavior and ways of learning and building cognitive maps. It is important to note that these literature results are not categorical regarding the identification of strong predictors of distance estimation abilities. With a few exceptions (McCormack et al. 2008) , specific studies that approach distance perception as a component of the evaluation of transit service quality often are not found.
The objective of this paper is to describe the gap between perceived and real distance to stations in Santiago de Chile city. This description will account for divergent patterns among modes that could be viewed as an effect of transport-specific variables. After a descriptive analysis of the information is provided, the implications for transport planning are discussed.
The remainder of the paper consists of five basic parts. The next section exposes some theoretical findings on travel behavior and mode choice decisions as well as the role of variables such as personal habits and experiences. Then, the methodological approach is explained, and the case study area of Santiago is briefly introduced. Empirical findings and results are presented, and the paper concludes by noting the need for further research and proposing some derivatives for appropriate public transport planning and policy making. Rietveld (2010) argues that the gap between the actual and perceived supply of public transport refers to a wide array of aspects, such as frequencies and headway regularity, travel comfort, waiting times outside of vehicles, access and egress times to and from stops, reliability and punctuality of services, vehicle occupation, and the availability of seats. In the same vein, Munizaga et al. (2008) note that waiting time outside of the vehicle and spent on mode transfers is perceived as double the actual travel time in the vehicle. Nevertheless, conventional transport demand models often neglect this fact, which affects the overestimation of actual demand and ignorance of user dissatisfaction. Related to this, many transport demand models are based on average door-to-door travel times, neglecting possible delays. Delays become particularly problematic for the users, if trips include missed mode transfers in a system without a regular interval timetable (Kaufmann et al. 2009; Rietveld 2010 ).
Theoretical Framework
The importance of previous experiences of transport users in the context of actual perception and satisfaction has been the subject of many studies (Flamm, Jemelin, and Kaufmann 2008; Flamm and Kaufmann 2006; Van Acker, Van Wee, and Witlox 2010) . Thus, we can distinguish between reasoned influences on travelers' behavior and mode choices, such as rational, time-related restrictions and individual preferences and attitudes, and unreasoned aspects, dealing with hardly reflected influences, such as longlasting habits and impulsiveness (Van Acker, Van Wee, and Witlox 2010).
A comprehensive explanatory approach to this issue is provided by van Acker et al. (2010) , who explain travel behavior as the result of a hierarchical decision structure (Salomon and Ben-Akiva 1983) , in which short-term decisions related to traveling and daily activities are based on longer-term decisions, such as residential location and lifestyle choices. On the other hand, the temporal hierarchy of these individual decisions is embedded in a specific social and societal environment, which is again conditioned by the spatial and built environment. However, different temporal and contextual levels or domains form a very complex construct of influence factors in which the resultant individual decisions on activities and traveling form the core of interest.
The importance of these two items in the transport domain have been recognized in many other studies and has produced theoretical concepts such as the motility concept by Kaufmann (2002) . Kaufmann notes the individual prerequisites of competences and skills in addition to temporal and spatial access to become spatially-or sociallymobile. Moreover, a third dimension is included, which is defined as "appropriation" or simply as the transport project itself, as a result of the person's interpretation of access and skills in the context of a specific travel end. Again, the appropriation domain is mainly shaped by individual aspirations and plans and originates from the person's values, perceptions, and habits. underpins the high significance of habits in travel behavior according to the theoretical approach by van Acker. As an example, they mention the "rejection by principle" of specific modes such as public transport and suggest the continuing influence of a person's experiences (or lack of experiences and effective use) with these modes during childhood. This is a key variable according to our approach because mode perception could be part of the past experience necessary to estimate distances to bus or metro stations. Thus, if a transport service is evaluated as slow, inconsistent, unsafe, or imposing time costly transfers, the distance to the station also may be overestimated. In accordance with the aforementioned motility framework, when a mode has a social prejudice, this also could feed the previous experience of the traveler and may influence distance perception.
Regarding "mode reputation," note that misperception does not necessarily refer to a worse perception of an actually good supply. It might equally refer to the ignorance of effective deficiencies of transportation features due to people's good image and previous experiences with this transport system.
In that sense, Alshalalfah and Shalaby (2007) explore the relationship between walk access distance to transit and various characteristics of the transit service and transit users in the city of Toronto, Canada. They consider quality of service to be one of the most important variables regarding willingness to walk. Indeed, they find that people in Toronto are willing to walk farther to get to routes whose frequencies are higher. The higher the frequency of the transit service, the longer people are willing to walk to access transit. It is plausible that if riders are willing to walk farther to access these routes, they also would tend to perceive the distance to a stop for one of these services as more walkable. The authors' evidence also reflects the same situation for metro services regarding bus and streetcars. People tend to walk, on average, 100 additional meters to get to the stations, even when almost 8 of 10 dwellers have transit services within approximately 500 meters. Our argument is consistent with this evidence. If people are willing to walk farther to metro stations than to buses or streetcars, they will conceive metro stops as being closer than they really are, either because they are willing to "spend" a physical energy surplus to use a better quality service or because the overall quality spreads to other attributes, such as walking distance to the network.
Methodology
The research question addressed in this paper is about the gap between actual and perceived distance to public transport stations. The empirical evidence describes how well people who live in the studied districts perceive the actual provision of public transport network. This description considers two basic modes: buses and metro.
The empirical evidence was gathered through a 2009 mobility survey conducted in a home-based way in 2000 households in five (of 37) districts of Santiago de Chile. These districts include the most significant centrality in the city-including the city's central business district (CBD)-and representative samples of periphery lowincome communes and affluent households sectors. By the same token, the selected territories present a wide array of scenarios regarding public transport supply, either metro or bus services.
1 In each commune, approximately 400 people were surveyed. Respondents were selected according to a semi-random method (random selection of residences; selections of persons surveyed in each residence according to quotas established for age, gender, and income). The number of 400 respondents per commune provides a representative sample size per commune, with a 95% confidence level and a 0.05 confidence interval. The final sample population observed differed only slightly from the sample selection required, with a slight under-representation of women and low-income households and a slight over-representation of older adults. Unweighted data were used for several reasons. First, the criteria used for quotas are not necessarily the (only important) explanatory factors, and other quotas may have been equally pertinent. Second, the sensitivity analysis conducted showed that the results of the analysis using weighted and unweighted data differed only slightly and the conclusions of both analyses were the same. After all, the data were rather reliable, but some bias cannot be excluded due to a probable fatigue effect of respondents, as the survey that took 25-30 minutes in total to complete.
For all data analyses, we focused on some descriptive statistics, combined with a simple spatial analysis conducted in a geographical information system. To build the "dependent" variable, it was necessary to overlap two measures of distance: the perceived distance and the actual distance. The former-perceived walking distance to metro and bus stops-was revealed through a question about each mode's station availability within approximately 400 meters (or "within 4 or 5 minutes walking").
The answers referring to the perceived supply were superposed with the real supply measured using GIS (aerial distance to metro stations and bus routes). Then, a new variable was built with three categories: "correct estimation," considerable "overestimation," and "underestimation" of walking distances.
2
The Case of Santiago de Chile
The metropolitan area of Santiago de Chile comprises 37 boroughs or municipalities with approximately 5.5 million inhabitants (2002 Census), spread over a surface of 76,000 hectares. Morphologically, the city is characterized by a rather mono-centricradial structure with the traditional CBD in the central (homonymous) municipality of Santiago-Centro and radial transport axes, connected by a privately-run ring road highway. In addition, in the last decade, a second economical center has emerged in the affluent cone of wealth in the eastern part of the city, which has gained increasing economic dominance over the traditional CBD (Witter and Hernández 2012) . 
Minimum and Definite Sample Size per Commune
2 A 100-meter misperception was accepted. Thus, if a person answered that he/she does not have a bus stop within 400 meters, to be classified as "underestimating" supply, the stop should be within a 300-meter area of influence. Conversely, to "overestimate," a person should declare the availability of buses but must be at least 500 meters from the closest route. FIGURE 1. Surveyed households and location of Santiago's districts Figure 2 shows the public transport network, which encompasses a vast bus network with trunk services composed of high-capacity articulated buses that serve routes along the city and feeder services that extend to local areas. It also includes subway services (5 lines), which operate under a tariff union scheme with buses. The bus system went through a serious crisis after the implementation of a new reregulated system known as Transantiago, an ambitious failed project aimed at providing high-quality, cost-effective services that, after an abrupt start, immediately provoked actual chaos in the city (for information on the Transantiago project, see Witter and Hernández 2012; Figueroa and Orellana 2008; Muñoz and Gschwender 2008a; Muñoz and Gschwender 2008b; Witter 2012) . This is a reason why bus systems are very unpopular with the population. In contrast, the metro enjoys a very positive reputation. The tariff union brought many new users-one of the most positive effects of the Transantiago project-that generated very high metro occupancy, which caused it to become much more crowded than usual, especially during peak hours. However, this mode is still evaluated as providing fast and reliable service. 
Results: Perceived and Actual Distances
To begin the empirical analysis, the actual and perceived distances to the network from households in the survey sample are described. First, in Table 2 , the actual distances to trunk bus routes and metro stations are depicted. In the case of trunk routes, the network extension and density is extremely high. As a result, in four of the five studied districts, at least 92% of the interviewee households have a trunk route within approximately 400 meters. Puente Alto commune constitutes an exception, with only one-third of the households in the sample being located within the service area. As with the service area, the average distance to a trunk route also reflects that the network is very dense with high coverage. In three districts, the average distance is between approximately 160 and 200 meters. At the highest endpoint, Puente Alto has more than 600 meters of average distance, whereas Santiago has the denser network supply, with the average distance being approximately 56 meters from each household in the sample. Note that Santiago is still the most important urban centrality in which governmental, economic, and political resources locate. Moreover, a relevant portion of urban routes-especially trunk routes-pass through this district or have their destination there.
Regarding the metro network supply, it is almost the opposite situation of the bus network. Indeed, it is clear that the metro network has a lower density and is not spread through the city as in other urban agglomerations. Two districts did not have any households within 400 meters when the data were collected. 3 In Puente Alto and Las Condes, only approximately 3% of households are within a 400-meter buffer of any metro station. Santiago is the only district in which a fairly dense metro network exists. Similar to the bus network density, its central role in urban life explains this fact. Nevertheless, the percentage of households is still low (20%).
Given these data, the first limitation arises because some scenarios will have to be discarded. For logical reasons, underestimation of metro services is not found in Lo Espejo and Maipu, and it will be difficult to find in Las Condes and Puente Alto as well. For the same reasons, it is unlikely that overestimation of bus supply will be found for any districts except Puente Alto. Having said that, in the following tables and charts, both supply measures-actual and perceived-are depicted. Figure 3 shows the overall percentage of correct estimation, overestimation and underestimation of metro station and trunk bus routes. It must be noted that these figures include the five districts, which, as shown before, are very different regarding each mode's actual supply. Despite these differences, the relevant fact to note is that at least 8 of 10 persons "correctly" answer the question about bus and metro supply in his neighborhood. The data indicate that people are aware of the existence or absence of public transportation supply and are able to estimate distance regarding a given distance threshold. As expected, the percentage of metro overestimation is higher than that for buses because the former network extension is smaller than the latter. This fosters the potential for overestimation when answering the question. To some extent, this indicates that people are responsive to actual supply. Accordingly, it could be argued that they will be responsive to changes in quality of the serviceat least they will be responsive in terms of awareness of these changes, regardless of changes in their behavior that it could cause. Table 3 analyzes the gap between actual and perceived supply for each commune. By doing so, it is possible to control for the different actual supply mentioned above. For the three districts in which some type of metro supply exists, the availability of metro services is very often overestimated, which means that distances to the metro network are underestimated. For all of the districts, the underestimation of metro supply is very low. As previously mentioned, it is senseless to pay attention to the underestimation figures of the metro in communes in which only 3% of the interviewees live within 400-meter walking distance of a station. 4 Nonetheless, the underestimation is also marginal in the case of Santiago district, in which the actual service is relatively extended.
Regarding bus services, once again it is pointless to consider overestimation in those districts with almost full availability within a 400-meter walking distance. In the case of Puente Alto (with only 31% availability), however, overestimation is registered. Indeed, more than 19% of people from this neighborhood affirm that they have access to the bus supply closer than they really do. Moreover, the underestimation figure is the second lowest of the five districts. Do the figures in this table mean that the overestimation of metro or bus service is just an artifact of the actual supply? In other words, do people overestimate (when the network is not as extensive as the metro) or underestimate (when the network is as extensive as the bus network) as an automatic reflection? It is mathematically impossible to collect overestimations if 100% of people live within a given walking distance under the adopted distance threshold. Nevertheless, we posit that the overestimation is different between metro and bus services. In fact, the former seems to be more frequently overestimated than the latter.
To illustrate this point, in the remainder of the paper, the focus is on the two districts for which a comparison seems reasonable. The case of Puente Alto and Santiago are adequate because both have metro services (minimal in the case of Puente Alto) and low coverage of buses, thus providing the potential for comparison between modes. Unfortunately, the built environments in these communes are rather different. Santiago is a typical urban "walkable" setting with high dwelling density and mixed land use. On the contrary, Puente Alto has less density and mixed land use. Table 4 synthesizes the amount of overestimation regarding actual supply for the cases in which it exists: bus and metro in Puente Alto and metro in Santiago. The upper side of the table presents the data on actual and perceived distances to both networks. The overestimation as a percentage of the actual supply is higher in the case of metro service, regardless of the district. In Puente Alto, the "total" metro supply is more than five times the actual one. This means that despite the very limited service within a 400-meter walking distance, 14% of the population perceives that they can reach the metro service within that distance. In the case of Santiago, even when the percentage of actual metro service is 20%, the overestimation still almost double, reaching a "total supply" of almost three times the actual service. Meanwhile, for the case of bus overestimation (Table 5) , the figures are much lower than those for the metro. The "total supply" in this case is approximately 1.5 times the original one. Thus, it is possible to speculate that the metro as a mode tends to maximize supply overestimation. The data in the Table 5 refer to the actual distances to the metro and bus services from the residence of people who overestimate each mode supply. In short, people from Puente Alto who answered yes to the question "Is there a metro station within 400 meters" even though no station exists within a 500-meter area is, on average, actually 1076 meters from the closest metro station. To some extent, this distance sets a threshold of "willingness to walk" to a metro station because they perceive it as a very short one.
It is interesting that metro "overestimators" are, on average, approximately 1,100 meters away from the closest station because the overestimations of buses in Puente Alto are notably lower, at 780 meters. One of the reasons is that trunk routes in Puente Alto are, on average, closer than metro stations. Nevertheless, the relevant question is if trunk routes had longer distances, would people who overestimate increase that threshold? By the same token, it is plausible that people would not underestimate walking distance to the metro after 700 meters, but they did so. Those questions will remain unanswered, but evidence suggests that the metro's willingness-to-walk threshold (i.e., perceive as longer than a 400-meter walking distance) is higher than the buses' threshold.
Concluding Remarks
People have a relatively accurate perception of the transport supply around their residence location. In general terms, when perceived supply does not match the actual supply, the bias is towards an overestimation of the actual supply by underestimating walking distance to the metro station or the bus stop.
In particular, distances to metro stops are perceived to be shorter than they are in reality. A generally very good image of this transportation mode, particularly in comparison with less efficient bus services, may have an important influence on people's underestimation of distances and overestimation of actual supply quality. With very limited network coverage, metro services have a greater effect on perceived supply. Even when this does not necessarily mean that people will switch from private to public transit, one plausible explanation is that when a good image exists, people will be prone to walk farther to use this service because they perceive the distance as "walkable."
A substantial discussion can take place. First, in contradistinction to some pieces of literature, in this case, people do not tend to systematically overestimate distances. On the contrary, regardless of the mode, when the actual supply was limited (such as the metro for all of the districts or buses for Puente Alto), a portion of people overestimated actual supply, assuming that the network was within 400 meters in cases in which it was much farther than that. In the case of the metro, the threshold for what people consider walkable distance was higher than for buses.
This evidence could support Lee's (1970) "decreasing factor" of overestimation because for very long distances, the proportional overestimation factor decreases. The metro service location was systematically farther than bus routes. That could be a reason why people keep declaring the existence of supply within 400 meters even when the closest station is more than 900 meters away.
Finally, even when data do not help to confirm it, the quality of the service as a factor that fosters overestimation of supply remains a plausible hypothesis. Empirical evidence of this paper is in line with Alshalalfah and Shalaby's (2007) findings, which show that people's willingness to walk is higher for buses with more frequent schedules. There are two possible mechanisms that drive "quality effect" on supply perception. The first is Flamm and Kaufmann's (2006) "rejection by principle" (or "compliance by principle," we would add) of specific modes such as buses. The second is a more rational argument that could be part of the reasoned influences on traveler behavior and mode choices (Van Acker, Van Wee, and Witlox 2010) . Considering that the metro is a faster public service (and more reliable, in the case of Santiago de Chile), people might make a trade-off between time in the vehicle and time walking to the station. In this case, the individual should conceive of the trip as a unit.
The results of this paper are a description based on data with several limitations. The gap is calculated using fixed thresholds (400 m) and without considering the stations actually used by the respondents. Nevertheless, the empirical evidence is robust enough to suggest that mode is a key variable to understanding distance estimation to the stations. It is clear that there are several mode characteristics other than distance that influence how far or close people perceive a given mode station to be. In that sense, the paper provides strong motivation to go further in the field of distance estimation in the context of transport studies.
